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Abstract 
A series of aerodynamic experiments were conducted to measure the surface pressures on tandem arranged low-rise 
buildings models with variant roof types in the wind tunnel.  An electro-scan valves system was used to get the 
simultaneous pressures distribution on the models.  With these conditions, the characteristics of surface pressures were 
detail calculated and compared.  The results shown, the mean wind pressures on the low rise-to-span ratio models will 
lower then the higher ratio ones.  But the fluctuating and peak pressures on the roof, especially at the corners, will be 
increased.  About the shielding effect, it will reduce the surface pressures and the structural loadings.  But in the cases 
of small gap between buildings, the peak pressure will be increased at side wall and roof corners of buildings.  Over all, 
for the different types of roofs, the shielding effects on gable roof models are most evident and the arch roof models are 
less.  For the dome-like roof models, the shielding effects are trifling.   The designer may take consideration above 
these characteristics and benefited to optimize their structure design of the roofs. 
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1. Introduction 
There are lots of typhoons attacking Taiwan area every year and cause some damages on the roofs of 
low-rise buildings.  For the low-rise industrial buildings, most of them are immersed in the region of strong 
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turbulence flow field and appeared in group.  The affections of roof types and the shielding effects on the 
wind pressures act to the buildings will be discuss in this study.  
 
Nomenclature 
B  characteristic width of building model 
h height of the side wall of building models 
P  mean pressure 
'P  root-mean-square of pressure 
U reference velocity (m/sec) 
U  air density (kg/m3) 
2. Background 
The aerodynamics effects in buildings group, Chang(2003) used the uniform distributed cubic blocks to 
simulate the street buildings by the Fluent software.  The results shown that in the cases of the interval 
between two buildings are lower than half of height of buildings, the mean pressures, fluctuating pressure 
and peak pressures of the buildings may be reduced to 80% due to the shielding effect.  Uematsu(1997) 
measured the surface pressure of dome-like roof models and pointed out the mean pressures may drop 20% 
due to the shielding effect in the case of interval of models under the half of heights.  It¶s evident that the 
shielding effects always affected the pressures distributions of buildings surfaces.  So the comparison 
between the variant type of roofs and intervals should be clarified.  
2.1. Wind tunnel experiments setup 
The aerodynamic experiments were conducted at the Wind Tunnel Laboratory of Architecture and 
Building Research Institutes of Taiwan.  This close type wind tunnel is equipped with 4 m (width) x 2.6 m 
(height) x 36.5m (length) and the maximum wind speed can be up to 30 m/sec.  The details of simulated 
atmospheric boundary layer characteristic are shown in table 1. 
 
Table 1.  The property of boundary layer used 
Property items values 
Thickness 138 cm 
Free stream velocity 14.2 m/sec 
Mean profile power law index 0.22 
Shear velocity 0.64 m/sec 
Roughness length 6.01×10-02 cm 
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 (a)       (b)      (c)  
Figure 1. The examples of models used in this study, (a) gamble roof building model, (b) arch roof building model, (c) dome-like 
building model,. 
2.2.      Models setup 
Due to the variant control conditions considered in this study, there are lots of models used.  There are 
three types of roofs included gable, arch and dome-like in this study which shown as figure 1.  The rise-to-
span ratios (r), defined as the figure 2(a), of buildings roofs are took as 0.5, 0.25, 0.125, and 0.0625.  And 
for each type of roof slope the depth-to-height ratios of models are varied from 1 to 6 with step 1.  For the 
dome-like model the rise-to-span ratio were took as 0.5 and 0.3.  The surface pressures were measured by 
the pressure taps which distributed uniformly all over the model surfaces and an electron scani-valves 
system was adopted to collect the simultaneous pressure signals.  In this study the wind direction is set 
normal to the ridge of roofs.  The spacing between the target model and dummy model, defined as the 
figure 2(b), the range of spacing used in this study is 0 to 9h.  
 
 (a)
r = s /B
B
s
r = s /B
B
s
      (b)
wind
spacing  
Figure 2. (a)The definition of roof rise-to-span ratio for variant types of roofs. (b)The definition of spacing between two tandems 
arranged buildings models. 
3. Data analysis 
The mean and fluctuating pressure coefficients of each taps were defined as following.  In the 
calculation of the peak pressure, the method suggested by Cook & Mayne (1979) was used. 
Mean pressure coefficient 
2
2
1 U
PCP U
  (1) 
Fluctuating pressure coefficient 
2
2
1
2
U
PCP U
c
 c  (2) 
4. Result and discussion 
4.1. Gable roof buildings 
1152  Jwo-Hua Chen / Procedia Engineering 31 (2012) 1149 – 1154
In the case of variant slope of buildings roofs, the contours with mean pressures coefficients values are 
shown as figure 3.  As it shown, there are positive pressures distributed in the upstream region of roof, 
almost one third area of the roof only in the case high rise-to-span ratio.  In this study they are r=0.5 and 
r=0.25.  Because the high rise-to-span ratio could cause the on-coming flow turbulence directly acting on 
upstream region of roof, and the separation line of shear layer will be moved close to the ridge.  In the 
lower rise-to-span ratio cases, the separation line of shear layer will be occurred steadily at the demarcation 
line of building wall and roof.  This difference will be divided for the angles of roof angle about 27 degree.  
In the cases of roof angle under 27 degrees, the pressures are all dominated by the vortex shedding of roof 
separation shear layer and the direct turbulent effects are disappeared.   
For the tandem arranged buildings, the gray scale map of mean pressures coefficients affected by the 
variant upstream building spacing are shown as figure 4.  When the two buildings are connected together, 
the roof of downstream building will be located in the reattachment region of upstream building.  So the 
pressure recovery phenomenon is evident.  In the case of 1h spacing, the mean pressures on the inside wall 
are negative.  So it¶s evidently that the complete vortex can be formatted in the buildings gap.  But for the 
case of spacing more than 2h, the positive mean pressures are appeared on the inside wall of downstream 
building.  That may depict the downstream building will be equipped with its own separation shear layers 
and the vortex formation in the gap between these two buildings will be vanished gradually.  For the other 
cases of gable roof buildings with variant roof slopes, the results of mean pressures varied with the 
upstream building are same to the above discussions.   
For the distributions of peak pressures coefficients with variant spacing cases, the results depict the peak 
pressures on the inside walls will be increased for larger spacing.  In the case of spacing more than 2h, the 
positive peak pressures are appeared on the inside walls. 
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Figure 3.  The contour of mean pressures coefficients values of models with depth-to-height ratio is 4, and the rise-to-span ratio of roof 
is (a)0.5, (b)0.25, (c)0.0625. 
 
(a)
Cp-MEAM
0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
-0.35
-0.40
-0.45
-0.50
-0.55
-0.60
ZLQG
&S PHDQ
EK
     (b)
Cp-MEAM
0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
-0.35
-0.40
-0.45
-0.50
-0.55
-0.60
ZLQG
&S PHDQ
EK
 
1153Jwo-Hua Chen / Procedia Engineering 31 (2012) 1149 – 1154
(c)
Cp-MEAM
0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
-0.35
-0.40
-0.45
-0.50
-0.55
-0.60
ZLQG
&S PHDQ
EK
      (d)
Cp-MEAM
0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30
-0.35
-0.40
-0.45
-0.50
-0.55
-0.60
ZLQG
&S PHDQ
EK
 
Figure 4.   The gray scale map of mean pressures coefficients of tandem arranged downstream model roofs with depth-to-height ratio 
is 4, and the spacing is (a) 0, (b)0.5h, (c)1h, (d)2h.  
4.2. Arch roof buildings 
Likely to the results of gable roof models tests that the high rise-to-span ratio, r > 0.25, may cause the 
positive pressures appeared on the front face of roof.  The lower rise-to-span ratio means that the roof of 
buildings will be flatter, so the negative pressure will be distributed completely over the roofs. 
About the shielding effects on the arch roof buildings with variant spacing in tandem arranged, the 
positive pressures distributed on the front wall will be recovered quickly for larger spacing.  For the spacing 
about 2h, the values of positive pressures are almost 60% of single building models¶.  In this study the 
mean pressures on the front wall will close to zero in the case of inside spacing was only 0.5h.  These 
asymmetric distributed loadings may be the serve case to the structures.  For the increased spacing, the 
mean pressure distribution will matched to the Taiwan building code defined values.  Comparing to the 
gable roof buildings, there is no evident separation line on the ridge for the arch roof buildings.  So the 
surrounding flow field may dominant by the arch vortex, not the ridge line. 
For the higher rise-to-span ratio case, r = 0.25, the measured results shown that the pressures on the front 
wall will be positive for the inside spacing equal to 1h.  This is happened earlier than the cases of r=0.125.  
But for the cases of r=0.5, the pressures recovery on the front wall of target models will slower than the 
previous cases.  So the high arch roof still may block the downstream buildings.  
4.3. Dome roof buildings 
Two dome roof models are tandem arranged and the downstream model is taken as target model.  It is 
evidently that the lowest wind pressures are distributed along the meridian line of domes.  For the small 
spacing case, the negative pressure area of roof is smaller than the single model¶s.  But increasing the 
spacing this phenomenon will disappear quickly.  Comparing to the other type roof models used in this 
study, the flow surrounding the dome roof building will be treated smoother than the other types of roofs.  
There is smallest wake formation region, so the shielding effects of upstream buildings also smallest.  The 
variation trends of fluctuating pressures and peak pressures distributions on the dome roof buildings are 
indent to the mean pressures.  We can find out that the fluctuating pressures will be increased for larger 
spacing at the front region of roof.  But the fluctuating pressures on the back region of dome roof do not 
have many differences. 
5. Conclusion remarks 
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For the low-rise buildings the server wind pressure acting may occur at the upstream corners of roofs an
d leading edge of side walls.  For buildings with low rise-to-span ratio roof this action will more evident.  S
o in the cladding components design, the connectors shall be enhanced firstly of all.  According to the peak 
pressures data, it shown that the lower rise-to-span ratio will cause high peak values.  So it can be conclude
d that the low rise-to-span ratio roof buildings will be suffered by the instantly peak pressures.  But for the 
higher rise-to-span ratio roof the wind loadings on the main wind resistance structure system of buildings w
ill be increased. 
The existence of upstream buildings will reduced the loadings on the main wind resistance structure syst
em of buildings.  Especially for the cases of inside spacing is no more the buildings height.  About the effec
ts of roofs type to the shielding effect, the buildings with gable roofs will be the strong ones.  The buildings 
with arch roofs are fewer effects, and this aerodynamic phenomenon is not most obvious for the buildings 
with dome roofs.  
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